We construct improved binary constant weight codes with minimum distance 4 and length at most 28.
Introduction
The standard reference for constructions of binary constant weight codes of length at most 28 is [2] . One of the constructions discussed there depends on the existence of partitions of all words of a given length and weight into codes with minimum distance at least 4 (that is, on proper colorings of the Johnson graph). Such partitions are typically found using some form of heuristic search, and with today's faster computers it is easy to improve on the results of [2] . For example, [2] says that A(22, 4, 11) ≥ 39688, while we find A(22, 4, 11) ≥ 40624 here. Earlier improvements have been given in [3] and [4] . The bounds here improve all but one of the bounds from [3] and all from [4] . For example, [2] gives A(26, 4, 13) ≥ 424868, [4] gives A(26, 4, 13) ≥ 425950, and we find A(26, 4, 13) ≥ 428706.
Results
Table with lower bounds on A(n, d, w), the maximum size of a binary constant weight code of word length n, minimum distance d, and constant weight w, where d = 4 and 2w ≤ n. [2] .
n : idem from [6] . p : product construction from [2] . eb : idem from [3] . Unmarked entries are from this paper. The partitioning construction for codes of length n, weight w and minimum distance 4 constructs the code C = i Π(n 1 , 2i + ) × Π(n 2 , w − 2i − ) where n = n 1 + n 2 and ∈ {0, 1} and the union is over all i with i ≥ 0 and 2i + ≤ w.
It is usually nontrivial to construct the required ingredients Π(n, w). However, for w ≤ 1 the partition is trivial, namely the partition into singletons, and for w = 2 the optimal partition is that of the n(n − 1)/2 pairs into n − 1 parts of size n/2 if n is even, and into n parts of size (n − 1)/2 if n is odd. Partitions Π(n, w) and Π(n, n − w) are related by complementation. It is always possible to find a Π(n, w) with at most n parts, cf. [5] . 
Improvements by Etzion & Bitan
The code C that results from the partitioning construction is not always maximal. Etzion & Bitan [3] gave a handful of examples of improvements. Let us redo two of their examples here (using improved ingredients).
Example We show A(21, 4, 7) ≥ 6161. Take n 1 = 10, n 2 = 11, = 0. The products Π(10, 0) × Π(11, 7), Π(10, 2) × Π(11, 5), Π(10, 4) × Π(11, 3), Π(10, 6) × Π(11, 1) contribute A(11, 4, 4) + 5 11 5 + 17 10 4 + 10 4 = 6125. For Π(11, 5) and Π(10, 4) we used partitions with 9 parts, for Π(11, 3) the Etzion-Bitan partition with 9 parts of size 17, 1 part of size 3, and 9 parts of size 1, where the 9 parts of size 1 are the triples covering the pair 0 9 1 2 . Only the first 9 parts were used, and of Π(11, 1) also only the first 9 parts were used, so that the vector 0 9 1 2 has distance at least 3 to all second halves used so far, and A(10, 4, 5) = 36 vectors u * 0 9 1 2 can be added.
Example We show A(21, 4, 8) ≥ 10766. Take n 1 = 10, n 2 = 11, = 1. The products Π(10, 1) × Π(11, 7), Π(10, 3) × Π(11, 5), Π(10, 5) × Π(11, 3), Π(10, 7) × Π(11, 1) contribute ( 
Partitions used
We give the vector of partsizes for the partitions used to construct the codes in the table. The actual partitions can be found near [1] . 
